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SPECIFICATION 

1, Title of the Invention 

Pla$ma-Etch]Bg System 

2. Claims 

(1) In a plasma-etching system wheiein a gas injected fiom said electrode surface is 
introduced into the space between oppositely disposed electrodes, and the target 
material disposed on the electrodes is etched by generating plasma by supplying high- 
firequency electric power between the electrodes, a plasma-etching system wherein a 
sinteied material whose mam component is a coordinate-bond carbide is disposed on 
one of the opposite faces of the oppositely disposed electrodes, and the target material is 
etched by rendering into plasma the gas diat is injected through the sintered materiaL 

(2) The plasma-etching system of Claim (1), wherein a large number of pores with a 
diameter of 0.2 to 0.5 mm is provided in said sintered material. 



(3) The plasma-etching system of Claim (1)» wherein said sintered material is a porous 
material with a mean pore size of 20 to 500 ^m. 

(4) The plasma-etching system of Claim (1), wherein the inner surface of said sintered 
material, on the side of the sintered material that is not facing the other, oppositely 
disposed electrode, is rendered into a good conductor, and the part of said good 
conductor is electrically connected to the electrode on the side on which said sinteied 
material is disposed. 

3. Detailed Description of the Invention . 
(Field of Industry) 

The present invention is directed to a plasma-etching system with an improved 
electrode structure for the introduction of gas that is necessary for ^ generation of 
plasma. 

(Prior Alt and the Problems to be Solved by the Invention) 

Conventionally, the material of which the gas inlet is constructed for the 
introduction of gas between electrodes when a gas is introduced between said electrodes 
from the surface of one of the oppositely disposed electrodes includes aluminum, 
stainless steel, graphite, glass-form carbon, tiie porous material of sintered quartz, and 
alumina sintered material. In a gas inlet using such materials as aluminum and 
stainless steel on which a large number of pores ate created mechanically; the alumimun 
and nickel Qiat compose 1h& materia] are subjected to sputtering, and this creates adverse 
effects, such as the contamination of the target material, the problem of reaction product 
residues remaining on the target material, and a deterioration of the electric properties of 
the target material. Also, if glass-form carbon in which pores are created mechanically 
is used as a gas inlet, the thermal impact exerted on the sputtered film produces fine 
crystals, and the deposition of the fine crystals on the target material results in 
contamination, which is a problem. Similarly, when graphite is used as a gas inlet, a 
part of the graphite becomes detached and is deposited on the target material, thus 
contaminating it, which is a problem. Further, if porous sintered quartz is used as a gas 
inlet, the etching of a film of silicon dioxide can end up etching the porous sintered 
quartz itself, which is also a problem. 

Further, in the case of the sintered quartz, the gas cavities are significantly small, 
measuring only 90 to 3000 angstroms, and if an attempt is made to achieve the requisite 
flow rate, such as approximately 900 dL/min under a high pressure of 0.5 to 1 kgfi'cm^, 
such as in dry-etching, the number of gas cavities increases* with the undesirable effect 
of a reduced strength for the porous material. The method of manufacture of the porous 
material involves the sintering of glass powder with a substantially uniform grain size, 
with the undesirable problem of difBculdes in controlling the pore size and the number 
of gas cavities to a desirable extent 

Further; the thickness of die porous material should nonruilly be held to less than 
Jfim [ILLEGIBLE], the reason being that a dielectric material, equal in amount to the 
Oiickness of the porous materia], becomes inserted between the electrodes and causes a 
reduction in the power supplied for the generation of plasma. Therefore, if an attempt is 
made to create a porous quartz material with a thickness of less than 3 pjn that would 



cover electrodes with a noimal diameter of ISO to 220 yan, there is considerable 
difficulty in terms of the attainable strength. Further, in the case of sintered quartz that 
only has small gas cavities measuring 90 to 1000 angstroms at a maximum, if etching is 
conducted on the Si02> ^ various reaction products that are produced in the gas plasma 
reactions during the etching process tend to deposit on the gas blow-out holes, which 
causes the blocking of the cavities and creates irregularities in the manner in which the 
gas blows out, with the undesirable effect of non-uniform etching. 

Because it has a large dielectric loss, if sintered alumina (AI2O3) is disposed 
between electrodes and high-firequency power is applied, tiie efficiency of plasma 
generation is reduced; in addition, when the surface is exposed to die plasma and 
sputtered, either the alumina or separated alumiruim becomes fhe source of 
contamination, which is a problem. 

(Means of Solving the Problems) 

In order to solve the problems identified above, the present invention provides a 
sintered material that is composed principally of a carbide compound on the electrodes, 
as a gas inlet thmugh which gas is introduced between oppositely disposed electrodes, 
and a conducting substance is deposited in the interior of the said sintered material that 
is attached to the electrodes, thereby creating a configuration that provides an electric 
connection, ftms reducing the generation of contamination and improving the efficiency 
of plasma generation. 

Fig. 1 shows a lateral cross-section of a configuration that illustrates the working 
principles of the present invention. In the figure, Reference Nimiber 1 denotes a gas 
pipe through which gas is introduced; 2» a gas inlet composed of a sintered material 
whose principal constituent is a carbide compound; 3> a conducting substance, such as a 
sputtered aluminum film, which is deposited on the inside of the gas inlet; 4 and 6, 
electrodes ttiat discharge electricity for the generation of plasma; 5, taxget material that 
is subjected to ion etching and similar operations; and 7, a high«fi:equency power source. 

In Fig. 1 , the gas inlet 2 serves to direct the gas, injected tbrou^ the gas pipe l» to 
the space between the electrodes 4 and 6. The gas inlet is composed of a sintered 
material whose main constituent is a carbide compound. The gas that is injected 
through the gas pipe 1 is introduced from the gas inlet 2 to the space between the 
electrodes 4 and 6. Higji-fiequency power is supplied by the high-firequency power 
source 7 to the space between the electrodes 4 and 6, which rendered die injected gas 
into plasma that etches the target material S that is disposed on the electrode 6. 

(Operation of the Invention) 

As shown in Fig. 1, the gas that is introduced dirough the gas pipe 1 is blown onto 
fhe target material 5 at a uniform flow rate through the gas inlet 2 of the present 
invention. Because a sintered material whose main constituent is a carbide compound is 
used as the gas inlet 2 throu^ which the gas is blown onto the target nmterial, even 
when the gas inlet 2 is exposed to the plasma, there is.no metallic contamination from 
alumina and other substances. In particular, when a fluorine-based gas is used, most of 
the reaction products will be volatile, so that hardly any reaction products are deposited 
on the target material S. Further, because the gas mlet 2 composed of a sintered material 
whose main constituent is a carbide compound is endowed with conductivity through 
the provision of the conducting material 3 in the interior of the gas inlet 2, there is little 



loss of electric power, which pennits the generation of stable* high-deasity plasma with 
a high degree of efficiency. 

(Emhodiments) 

Fig. 2 shows a lateral cross-section of the configuration of Embodiment L of the 
present invention. In the figure, Reference Number 8 denotes the reaction species; and 
9, an electrode ring that electrically connects the gas inlet 2 to the electrode 4. In flie 
figure. Reference Numbers 1 to 7 correspond to those shown in Fig. 1. 

In Fig. 2, the gas that flows in through the gas pipe 1 spreads in the space tiiat is 
formed between the electrode 4 and &e gas inlet 2. The gas that has passed throu^ the 
gas inlet 2 composed of a sintered material whose main constituent is a carbide 
compound is blown onto the target material S that is disposed on the electrode 6. The 
supply of high-frequency power, generated by the high-frequency power source 7, to the 
space between the electrode 4 and 6 in this condition causes the generation of plasma 
between the electrodes, thus permitting ttie etching of the target material 5. 

In this case, the use in the gas inlet 2 of a sintered material whose main constituent 
of a carbide compound is effective in preventing the contamination of the target material 
S and for efficient generation of plasma. Coordinate-bond carbide compounds used 
as carbide compounds are chemically stable and resist tiie etching by the plasma. 
Coordinate-bond carbide compounds that can be used for this purpose include: silicon 
carbide (SiC) and boron carbide (BC). From a fiibrication standpoint, silicon carbide 
that exhibits high strength and that can be obtained in a high degree of purity may be 
beneficial for application purposes. 

In addition, the selection of a gas injection hole witfi a diameter of 0.2 to 0.5 mm, 
as done in the present invention, minimizes the generation of electric discharges in flie 
pore section, and the gas can be squirted in a uniform maimer through the provision of 
holes at appropriate intervals. Fuithex, the use of a porous material with a mean poze 
size of 20 to 500 ^m can prevent the clogging of the pores by reaction products, and 
permits the blowing of the gas in a uniform mannez; when compared with the case . 
where the pores are created mechanically. 

Silicon carbide used as a carbide compound offers superior etchiag tolerance when 
compared with quartz or alumite (aluminum [ILLEGIBLE] oxide coating. Silicon 
carbide is highly tolerant of the plasma of fluorine-based gases, such as CF4 and CHF3, 
that are used in the etching of SiOi film, and pennits uniform etching. In addition, 
compared with alumina» silicon carbide offers a high degree of thermal impact tolerance 
temperatuies of 100 to 200 deg. C. As such, it is particularly beneficial for use as a gas 
injection plate that contains sections that are exposed to plasma and that are difficult to 
cool down. 

The conducting fihn that is provided on the smtered material is made with a 
minimum thickness of 1 ^irn by sputtering and other methods, in order to obtain the 
requisite deposition strength. If tiie mter-electrode distance between the electrodes 4 
and 6 is minimized for the performance of high-speed etching, ibc provision of such a 
conducting film can generate plasma with a high degree of stability when compared 
with the case where the conducting material 3 is not provided, and pennits the further 
reduction of the inter-electrode distance and an increase in plasma density in order to 
increase die etching rate. 



[Effects of the Invention] 

As explained above, the present invention adopts a configuration where a sintered 
material, whose main constituent is a carbide compound, is attached to the electrodes as 
a gas inlet through which gas is introduced into the space between oppositely disposed 
electrodes. This eliminates any contamination of the target material. In addition, the 
provision of a conducting material in the inside of the gas inlet that is made of a sintered 
material composed of a carbide compound pennits the generation of higjh-density 
plasma in a stable manner. 

> 

4. Brief Description of Drawings 

Fig. 1 is a lateral cross section illustrating the working principles of the present 
invention. Fig. 2 is a cross-sectional view of Embodnnent 1 of the present invention. 
In the figures, Reference Number 1 denotes a gas pipe; 2, a gas inlet; 3, a conducting 
substance; 4 and 6. electrodes; S, target material; and 7, a high-frequency power source. 
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(54) PLASMA ETCHING APPARATUS 

(57)Abstract: 

PURPOSE: To improve plasma producing efficiency by using 
a sintered material which mainly contains carbon compound 
as a gas guide for guiding gas between electrodes to reduce 
a contamination. 

CONSTITUTION: A gas guide 2 guides gas fed through a gas 
pipe 1 to between electrodes 4 and 6. and is formed of a 
sintered material which mainly contains carbon compound 
Gas fed through the pipe 1 is guided from the guide 2 to 
beb/veen the electrodes 4 and 6. High frequency power from 
a high frequency power source 7 is supplied to between the 
electrodes 4 and 6 to form a plasma in the guided gas. 
thereby etching a workpiece 5 placed on the electrode 6. 
Since carbide having covalence bond and specially silicon 
carbide, boron carbide are chemically stable as the carbon 
compound to be hardly eroded by the plasma, it can be 
advantageously utilized. 
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